This document was printed on recycled paper.
v
Executive Summary
The objective of Activity 1.B of the Remediation Decision Support (RDS) Project is to compile all available physical and hydraulic property data for sediments from the Hanford Site, to port these data into the Hanford Environmental Information System (HEIS), and to make the data web-accessible to anyone on the Hanford Local Area Network via the so-called Virtual Library.
In past years efforts were made by RDS project staff to compile all available physical and hydraulic property data for Hanford sediments and to transfer these data into SoilVision®, a commercial geotechnical software package designed for storing, analyzing, and manipulating soils data. Although SoilVision® has proven to be useful, its access and use restrictions have been recognized as a limitation to the effective use of the physical and hydraulic property databases by the broader group of potential users involved in Hanford waste site issues. In order to make these data more widely available and useable, a decision was made to port them to HEIS and to make them web-accessible via a Virtual Library module.
In FY08 the original objectives of Activity 1.B of the RDS Project were to: (1) ensure traceability and defensibility of all physical and hydraulic property data currently residing in the SoilVision® database maintained by the Pacific Northwest National Laboratory (PNNL), (2) transfer the physical and hydraulic property data from the Microsoft Access database files used by SoilVision® into HEIS, which has most recently been maintained by Fluor-Hanford, Inc., (3) develop a Virtual Library module for accessing these data from HEIS, and (4) write a User's Manual for the Virtual Library module. The development of the Virtual Library module was to be performed by a third party under subcontract to Fluor. The intent of these activities is to make the available physical and hydraulic property data more readily accessible and useable by technical staff and operable unit managers involved in waste site assessments and remedial action decisions for Hanford.
In FY08 communications were established between PNNL and Fluor-Hanford, Inc. staff to outline the design of the Virtual Library module that would be used to access physical and hydraulic property data that were transferred from SoilVision® into HEIS. Data dictionaries used by SoilVision® were also provided to Fluor staff. During ongoing work to ensure traceability and defensibility of all physical and hydraulic property data that currently reside in the SoilVision® database, it was recognized that further work would be required in this effort before the data were actually ported to HEIS. Therefore work on the Virtual Library module development and an accompanying User's Guide was deferred. This status report describes the history of this development effort and the progress to date. 
Introduction
Over the more than 60 years of Hanford Site operations significant efforts have been made to measure the physical properties of sediments underlying the Hanford Site, such as grain size distributions, bulk and particle densities, and porosities. During the past 30 years or so that effort has grown to include the measurement of hydraulic properties, which include saturated hydraulic conductivities, relative permeabilities for different fluid phases, and pressure-saturation data. Much of this effort is driven by the need to accurately estimate contaminant transport in the subsurface for the purpose of remedial investigations and site assessments.
Physical and hydraulic properties are fundamental data for any type of quantitative analysis of contaminant transport and fate in the subsurface, including evaluation of risk associated with natural attenuation (no-action) or engineered remedial action alternatives at waste sites (e.g. biostimulation or InSitu Redox Manipulation [ISRM] for chromium reduction, emplacement of surface infiltration barriers and soil dessication to minimize transport of technetium and other radionuclides, soil-vapor extraction for carbon tetrachloride removal, etc.). Therefore the Physical and Hydraulic Property Database and Interpretation activity of the RDS Project directly supports DOE's mission at the Hanford Site.
The efforts made to generate physical and hydraulic property data for Hanford sediments have resulted in the compilation of numerous data sets acquired by different contractors and individuals using different measurement methods, with data processing by different software, and with files stored in different locations. In order to more efficiently use the existing data, and to help reduce duplication of efforts, a process was initiated to compile into a single location the various Hanford sediment physical and hydraulic property datasets. A part of this effort is the transformation of the datasets into a form that allows the data to be presented and used in a consistent manner.
The purpose of this report is to document the status of work being conducted under Task 1, Activity 1.B of the Remediation Decision Support (RDS) Project. The objectives of this activity are to compile all available physical and hydraulic property data for sediments from the Hanford Site, to port these data into the Hanford Environmental Information System (HEIS), and to make the data web-accessible to anyone on the Hanford Local Area Network via the so-called Virtual Library 1 .
1 A Web-based graphical user interface that allows querying of HEIS databases, plotting, and data export.
2.1
Physical and Hydraulic Properties Database
The Physical and Hydraulic Properties Database began as a collection of data compiled into Microsoft Excel worksheets as documented by Freeman and Last (2003) . This informal database brought together to a single location various Hanford data sets, but the database was not all inclusive, and lacked querying, visualization, and export capabilities. Under the Characterization of Systems (now the RDS) project the data in the Freeman and Last (2003) database was imported into a software program called SoilVision ® .
SoilVision ® (http://www.soilvision.com) is a commercial geotechnical software package designed for storing and analyzing soils data. Several versions of the software are available. The full version (Figure 2 .1) is essentially a database system, based on Microsoft Access, with capabilities for estimating soil properties such as grain-size distribution metrics, soil or sediment classifications, and hydraulic parameters from basic soils data. Analytical capabilities also include statistical analyses and the ability to fit different analytic functions to the data, including so-called pedo-transfer function models, to generate parameters that can be used for water flow and solute transport modeling. The Professional version also allows access to a database of properties for over 6000 soils that have been collected worldwide. The SoilVision ® database structure allows for many different types of geotechnical data to be stored, including physical properties (e.g. grain-size distribution data, bulk and particle density, porosity, etc.) and hydraulic properties (e.g. saturated hydraulic conductivity, water retention characteristics, relative permeability, etc.), which are of the greatest interest to the Hanford community. The SoilVision ® database for Hanford sediments was expanded from the Freeman and Last (2003) database to include other physical and hydraulic property datasets that were identified as being reliable. These included datasets generated by various Hanford Site contractors including Rockwell Hanford, Operations (RHO), Westinghouse Hanford Company (WHC), Fluor Hanford, Inc. (FH), the Pacific Northwest National Laboratory (PNNL), and others. Figure 2 .2 lists some of the sites that are currently represented in the SoilVision ® database maintained by PNNL. The sites represented in the database include the 300 Area (Schalla_1997_D.mdb), BC Cribs and Trenches (SVSoils_BCCrib_D.mdb), the ILAW site (SVSoils_ILAW_D.mdb), the Sisson & Lu Site (SVSoils_S&L_D.mdb), a clastic dike study site (SVSoils_VZTFFY03_D.mdb), and a compilation of data collected at various locations around the site by the WHC Geotechnical Engineering Lab (GEL) which no longer exists (SVSoils_Freeman_D.mdb). Note that the data in Schalla_1997_D.mdb represent data reported by Schalla et al. (1988) , collected more than 20 years ago, and which was previously available only in hardcopy records. These and other historical data had to be entered by hand from the hardcopy records into Excel spreadsheets or directly into SoilVision ® . The datasets also include grain-size distribution data for over 30,000 sediment samples collected during well drilling at Hanford from the historical ROCSAN database (SV_Rocsan_1997_D.mdb), which are already accessible via the Virtual Library. The database (*.mdb) files shown in Figure 2 are currently static, but other similar database files are being actively developed on other projects for other sites at Hanford. These files are not under any formal configuration management at this time. Hence these database files should be considered informal. When these data or selected subsets of them are transferred into HEIS, and made accessible via the Hanford Virtual Library, they will become official and will be placed under formal configuration management and control. Additional data on physical and hydraulic properties for Hanford sediments are expected to be developed over time for different projects in support of various research activities and sitespecific remedial investigations.
SoilVision
® operates exclusively on PCs and requires a license that is activated by the use of a "dongle" (a USB thumb drive) that must reside on the computer on which SoilVision ® is installed and being used. PNNL owns several single-license versions of SoilVision ® . Although SoilVision ® has proven to be useful, its access and use restrictions have been recognized as a limitation to the effective use of the physical and hydraulic property databases by the broader group of potential users involved in Hanford waste site issues. In order to make these data more widely available and useable, the decision was made to port the databases to HEIS and to make them web-accessible via a Virtual Library module.
Virtual Library Module Development Plan
Under the RDS project, PNNL initiated a Physical and Hydraulic Properties Database and Interpretation activity, and the associated development of a web-based graphical user interface, or Visual Library module, in partnership with Fluor-Hanford, Inc. The primary objective of this work is for all Hanford Local Area Network (HLAN) users to have web-based access to the physical and hydraulic properties contained in the database, with capabilities for visualization, querying, and exporting of data. The following plan was developed following discussions between Mark Rockhold (PNNL), George Last (PNNL), and Bill Webber (formerly Fluor-Hanford, Inc.) on Oct. 24, 2007.
The Physical and Hydraulic Property Database and Interpretation activity was planned in two phases. Phase 1, initiated in FY08, involves (1) establishing the traceability and defensibility of all physical and hydraulic property data currently maintained by PNNL that are to be transferred into HEIS, (2) transferring the "raw" data from the Microsoft Access database files used by SoilVision® to HEIS, (3) development of a Virtual Library module for accessing, visualizing, and exporting the data from HEIS, and (4) writing a User's Manual for the Virtual Library module. Phase 2 is expected to involve the development of on-line and downloadable tools for data analysis and interpretation to enhance the usefulness of the raw data.
Phase 1
During FY08, communications were established between Fluor (Bill Webber) and PNNL staff (Mark Rockhold and George Last) to coordinate the development of the Virtual Library module, which was to be programmed by a third party under subcontract to Fluor. Data dictionaries from SoilVision ® were transferred from PNNL to Fluor, and general design specifications for Phase 1 of the Virtual Library module development were articulated. The primary data for the Hanford Physical and Hydraulic Properties Database are to include (but are not limited to) the following types, shown in Tables 3.1 -3.10. Sieve analysis, percent passing the particle diameter sieve. grahParticle_Diameter Hydrometer analysis, particle diameter (mm). grahPercent_Passing Hydrometer analysis, percent passing the particle diameter sieve. After physical and hydraulic property datasets have been transferred from SoilVision ® to HEIS, a user should be able to access these data through a Web-based Virtual Library module. For Phase 1, this module will be designed to include the following capabilities:
• data import
Access to data import capabilities will be limited to key staff at PNNL and Fluor or another contractor responsible for continued HEIS development and maintenance. Capabilities for querying the database will be needed to allow a user to specify the area or wells of interest, the data type(s) of interest, including query by soil classification and stratigraphic unit, and to select whether to visualize or export the data, or both. Since Phase 1 of this work will focus on the "raw" data, visualization in Phase 1 will be limited to simple x-y plots showing, for example, grain size versus percent passing, or soil moisture content versus tension, etc. If multiple wells, or an area (e.g. 200 West), or an operable unit (e.g. 200-PW-1) is selected, it will also be useful to be able to visualize the x-y locations of all borehole locations that have data of the type(s) selected in the query. For data export a user should be able to output the requested data in ASCII text, CSV, or other standard formats. In addition, a user should be able to request that the data be exported in user-specified units such that unit conversions are automatically performed (e.g. cm/s to m/d) on the exported data.
Although transfer of some of the raw physical and hydraulic data from PNNL to Fluor was initiated in FY08, inspection of some of the data fields in the existing SoilVision ® database files indicated that additional effort would be required to firmly establish the traceability and defensibility of some of these data sets. One area that requires particular attention is the incorporation of so-called metadata. The full citations for publications or other references to laboratory record books and their numbers were lacking or incomplete for some of the datasets. This metadata is critical for establishing the traceability and defensibility of data. Therefore work to establish the traceability and defensibility of some of the data sets is ongoing. As a consequence, development of the Virtual Library module and User's Manual for Phase 1 was delayed. Data transfer and development of the Virtual Library module and associated User's Manual will resume in FY09, contingent upon approval by the new contractor responsible for ongoing RDS Project work scope.
3.5
Phase 2
In Phase 2 of this effort, additional data fields (e.g. thermal properties) and data analysis capabilities were planned for the Virtual Library module. The added data fields will include, for example, parameters that describe the water retention characteristics and unsaturated hydraulic conductivities of the soil or sediment based on fitting the raw data with user-defined analytic functions. Currently, this sort of fitting is routinely performed using simple spreadsheet programs such as Excel ® . For Phase 2 our intent is to provide on-the-fly fitting capabilities through the Virtual Library module, but also to make such spreadsheet-based fitting and parameter estimation tools available for easy download and use outside of the Virtual Library module. A user should also be able to request parameter estimates based on so-called pedotransfer functions, which are regression-based correlation functions that relate variables such as grain-size distribution metrics to hydraulic or sorption parameters. Numerous pedotransfer functions have been reported in the literature (Guber et al. 2006; Ward et al. 2006) , and Hanford site-specific pedotransfer functions are under development by PNNL.
Additional data fields to be added in Phase 2 would include various grain-size distribution metrics and sediment classifications based on such. Examples of some uses of these types of data are provided by Oostrom et al. (2006) , and Williams et al. (2008) .
The visualization capabilities developed in Phase 1 would logically be expanded in Phase 2 such that any fitted model(s) could be superimposed on the "raw" data, along with statistical measures of goodnessof-fit, so that a user can evaluate the quality of the fitted parameters. At this point, we think the ability to view the available data in 3D is probably unnecessary, although this is subject to debate. Further discussion may also be required on possible data input options to be developed during Phase 2. Restrictions on data input will obviously be needed to ensure that only high-quality and traceable data are entered into the database. This will likely require that administrative privileges be granted to only a few authorized individuals at both PNNL and the contractor responsible for continuing the development and maintenance of the HEIS database. Although anyone on the HLAN should have access to the physical and hydraulic property data that will be contained in HEIS and that will be accessible via the Virtual Library, incorporation of new data should require independent QA/QC review and import into the Virtual Library by qualified staff who are designated points-of-contact (POC) or their delegates. The current POCs for the Physical and Hydraulic Property Database and HEIS/Virtual Library module development are Mark Rockhold (PNNL) and Bill Webber (Fluor-Hanford), respectively. No new data export features are currently envisioned for Phase 2, aside from the additional data types that will be available for export. The User's Manual for the Virtual Library module will also be updated at the end of Phase 2 to describe and document the new analysis capabilities.
